The mechanism of action of isoniazid (INH) on Mycobacterium bovis strain BCG was studied. The rates of synthesis of deoxyribonucleic acid (DNA), ribonucleic acid (RNA), and protein after the addition of INH to growing cultures were followed by measuring the incorporation of 3H-thymidine, 3H-uridine, and '4C-Lvaline, respectively. After the addition of INH, the rate of DNA synthesis began to decrease and was abolished within 4 hr. RNA synthesis ceased after 6 hr, and protein synthesis was inhibited after 7 hr. Thus, it appears that inhibition of the synthesis of DNA is one of the earliest events after INH addition. The Measurement of the synthesis of cellular macromolecules. The distribution of radioactivity in macromolecular fractions of strain BCG growing in the presence of various radioactive precursors was determined by using a modification of the membrane-filter fractionation technique of Roodyn and Mandel (5).
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Thymidine-methyl-3H (5 ,Ci/ml; 16.2 Ci/mM, Amersham-Searle, Des Plaines, Ill.), 3H-uridine (5 ,uCi/ml; 2 Ci/mM, New England Nuclear Corp., Boston, Mass.), and '4C-L-valine (uniformly labeled; 5M,Ci/ml; 209 mCi/mM, New England Nuclear Corp.) were added separately to growing cultures of strain BCG (OD = 0.2), and samples were taken after 8 hr. Incorporation into DNA was determined by pipetting the samples into equal volumes of 5.5 N NaOH and incubating at 37 C for 2 hr. After cooling in ice, the samples were acidified by the addition of 0.5 volume of 6 N HCI, and the DNA was precipitated with 1 volume of 10% trichloroacetic acid. The precipitates were collected on membrane filters (0.2 ,m pore size, Millipore Corp., Bedford, Mass.) and washed with 10 ml of cold 5% trichloroacetic acid and followed by 5 ml of cold 1% trichloroacetic acid. After air drying the filters were placed in vials containing 10 ml of scintillation solution [100 mg of 1,4-bis-2-(5-phenyloxazolyl)-benzene per liter and 4 g of 2,5-diphenyloxazole per liter in toluene], and the radioactivity was determined in a Mark I liquid scintillation counter (Nuclear-Chicago Corp., Des Plaines, Ill.).
In some experiments, the effects of 0.05 pug of INH/ ml of SMT on rates of synthesis of DNA, RNA, and protein were studied by adding the drug to growing cultures of strain BCG (O.D.
-0.3) at the same time as 3H-thymidine, 3H-uridine, and "4C-valine (2,uCi/ml each), respectively. At intervals, samples were pipetted into equal volumes of ice-cold 10% trichloroacetic acid. After 20 min, the acid-insoluble precipitates were collected on membrane filters, washed, dried, and counted as described above. Measurement of uptake of labeled compounds. To study the uptake of 14C-INH (1 ,ug/ml; 9.6 mCi/mM, Amersham-Searle, Des Plaines, Ill.) and 3H-thymidine (5 ,uCi/ml), respectively, the compounds were added to cultures of strain BCG growing in SMT. At intervals, samples were pipetted directly onto membrane filters, washed with 20 volumes of chilled SMT, and dried and, the radioactivities were determined.
Measurement of the effect of INH on the stability of preexisting DNA in strain BCG. Strain BCG (OD = 0.2) was grown for 4 hr in SMT plus 2 pCi of 3H-thymidine per ml to label the DNA. The bacteria were then washed free of exogenous 3H-thymidine by repeated centrifugations and resuspensions in fresh SMT. Half of the washed bacteria were then resuspended in SMT and half in SMT plus 5 pg of INH per ml, incubated at 37 C, ana pipetted into cold 10% trichloroacetic acid. The radioactivities were determined as previously described. 
RESULTS
Effects of INH on growth and viability. The addition of 0.05 ,ug of INH per ml to growing cultures of strain BCG caused a decrease in viability beginning after 1 hr of incubation. After 12 hr, a 97% loss in viability was evident (Fig. 1) . Even though a reduction in viable count occurred, a slight increase in turbidity for about 12 hr was detected (Fig. 2) . The generation time of strain BCG growing under these conditions was about 30 hr.
Uptake of 14C-INH. Strain BCG rapidly takes up radioactive INH. In fact, the bacteria appear to be saturated with the drug within 2 or 3 hr after addition of 1 Mg of '4C-INH to a growing culture (Fig. 3) (Fig. 4) .
RNA synthesis, as measured by incorporation of 2 MCi of 3H-uridine per ml, continued normally for about 4 hr after addition of INH and then began to decrease (Fig. 5) . The synthesis of cellular proteins, as measured by the incorporation of 2 ,uCi of '4C-L-valine/ml, was unaffected until 6 to 7 hr after addition of INH (Fig. 6) .
Therefore, the earliest event, if not the primary event, seen after addition of INH to a growing culture of strain BCG, was an inhibition of DNA synthesis. RNA and protein synthesis were affected only later. 
